abdomen was opened under pentobarbital anesthesia and a glass T cannula connected with a teflon tubing was placed into the superior pancreaticoduodenal artery. A plastic needle was inserted into the pancreatic vein and fixed to the duodenum. Furthermore, plastic needles were inserted into both femoral arteries for blood sampling and measurement of blood pressure.
Experimental procedure. After the operation, physiological saline solution, 2.0 ml/min, was injected into the pancreatic artery. About 1 hr later, the experiments started. Two baseline samples were taken at an interval of 10 min, and 1% arginine solution was injected into the pancreatic artery at a rate of 2.0 ml/min. Twenty min after arginine infusion, nifedipine or niludipine, 5, 10 and 100 nmoles/kg, was administered during 10 min at 40-min intervals. Verapamil was given in doses of 10, 100 and 1,000 nmoles/kg for comparison. As a control experiment, arginine only was administered into the pancreatic artery for 140 min in five dogs.
Blood sampling and analyses. Blood samples, 4.0 ml, were collected from the pancreatic vein for insulin and glucagon measurements in a heparinized syringe, poured into a test tube containing 1,000 U Trasylol® (Bayer Yakuhin, Tokyo) and cooled. After the completion of the experiments, the blood was centrifuged to separate plasma and kept at -20°C until determination. Blood glucose was measured by the glucose oxidase method (Teller 1956 ). Plasma insulin (IRI) was determined by the Morgan-Lazarow method (Morgan and Lazarow 1963) . Plasma glu.cagon (IRO) was measured by radioimmunoassay, using a specific antiserum G-21, as reported previously (Ohneda et al. 1975) . A catheter inserted into the femoral artery was connected directly with a mercury sphygnomanometer for blood pressure measurement.
Data and statistical analyses. Results were expressed as mean+s.E. For statistical analyses, Student's t-test was performed.
RESULTS

Nifedipine
The influence of nifedipine on blood glucose, plasma IRI and plasma IRG is shown in Fig. 1 , Nifedipine in any dose applied did not affect blood glucose. Plasma IRI decreased from 270±43 to 182±34 µU/ml 15 min after injection of 5 nmoles/kg (1.75 µg/kg), from 222 ±35 to 182±26 µU/ml 3 min after administration of 10 nmoles/kg (3.5 µg kg), and tended to decrease from 230±38 to 187±29 µU/ ml 10 min after application of 100 nmoles/kg (35 µg/kg). Plasma IRI levels did not differ significantly from those in control experiments. Plasma IRG increased from 351 ±68 to 624± 139 pg/ml 20 min after injection of 5 nmoles/kg nifedipine, from 644±135 to 787±219 pg/ml 6 min after administration of 10 nmoles/kg and from 461±103 to 975 ±240 pg/ml 15 min after application of 100 nmoles/kg. Plasma IRG levels were higher than those in control experiments, but the differences were not significant.
Niludipine
Changes in blood glucose, plasma IRI and plasma IRG after administration of niludipine are shown in Fig. 2 . No remarkable change was observed in blood glucose levels in the femoral artery throughout the experiment when arginine and niludipine were administered.
Plasma IRI in the pancreatic vein changed from 121 ±15 to 192 ±24 µU/ml and then 114± 14µU/ml after arginine injection. After administration of 5 nmoles/kg (2.5 µg/kg) of niludipine, it decreased to 78±13 µU/ 155 ml; from 98±24 to 64±10 µU/ml in a dose of 10 nmoles/kg (4.9 µg/kg) and from 87± 17 to 59±16 µU/ml in a dose of 100 nmoles/kg (49 µg/kg). These changes in plasma IRI were not significant in comparison with preinfusion levels. Although the levels of plasma IRI during the experiment with niludipine seemed to be lower than those in the control experiment, the differences did not reach a statistical significance. Plasma IRG in the pancreatic vein increased from 461±81 to 826± 152 and then 528±81 pg/ml after the administration of arginine. It increased to 1124±376 pg/ml after the administration of niludipine in a dose of 5 nmoles/kg; from 992±355 to 1235±703 pg/ml with 10 nmoles/kg; and from 1107±576 to 1419± 678 pg/ml with 100 nmoles/kg. However, changes were not significant due to wide deviations. Furthermore, the plasma IRG levels during niludipine administration did not show any significant changes in comparison with arginine. Blood pressure was not markedly influenced by niludipine.
V erapamil
Changes in blood glucose, plasma IRI and plasma IRG during experiments with verapamil in a group of five dogs are shown in Fig. 3 .
The blood glucose level was 109±6.7 mg/100 ml at the start of the experiment and hardly changed after administration of arginine or verapamil was added. Plasma IRI rose from 320±130 to 398±108 and up to 328±135 AU/ml after administration of arginine. Plasma IRI levels fell to 172±45 µU/ml 6 min after administration of verapamil (10 nmoles/kg, 4.5 µg/kg), but rose to 199±83 ,uU/ml 40 min after verapamil infusion. When verapamil was administered in doses of 100 nmoles/kg (45 ,ug/kg) and 1,000 nmoles/kg (450 ,ug/kg), plasma IRI decreased slightly to 194±50 and 188±62 µU/ml, respectively, but was not significantly different from those in the control experiment with arginine. Plasma IRG was barely changed by verapamil in a dose of 10 or 100 nmoles/kg, but tended to decrease with 1,000 nmoles/kg. 
Comparison of maximal response of plasma IRI and IRO
To quantify the effect of the test drugs, maximal responses of plasma IRI and IRG in comparison with preinfusion levels were calculated for each group, as shown in Table 1 . Plasma IRI decreased, but plasma IRG increased in response to each dose of calcium antagonists in all groups.
DISCUSSION
The interaction between blood calcium levels and insulin secretion from the B cells of Langerhans' islets is well known. Insulin secretion depends on extracellular calcium concentration ( Presently, there is no concrete explanation of the relationship between calcium concentration and glucagon secretion. We reported that the administration of calcium decreases the secretion of pancreatic glucagon in dogs (Ohneda et al. 1974 ). However, when other animal species and different experimental methods were used, controversial results were obtained (Kuzuya et al. 1974; Ashby and Speake 1975) .
To clarify further the interactions between calcium and pancreatic glucagon secretion, the present experiments were carried out, using nifedipine and niludipine, as well as verapamil as a control drug. In this study, nifedipine and niludipine were administered in a dose of one tenth of that for verapamil, based on the comparative effects of these Ca antagonists on coronary blood flow and myocardial contractility (Himori et al. 1976 ). Insulin secretion was lowered by either Ca antagonist, but their effect on pancreatic glucagon secretion differed from one test to another. Nffedipine and niludipine clearly enhanced secretion of glucagon, while verapamil was less active in this respect. From the results of the present experiments, we concluded that the administration of Ca antagonists into the pancreatic artery of dogs tended to decrease the secretion of insulin and to increase that of pancreatic glucagon. However, the changes were not statistically significant in comparison with preinfusion levels due to deviations of the plasma hormone levels in the pancreatic vein of individual animals. According to the results obtained elsewhere, a decrease in insulin secretion and an increase in pancreatic glucagon secretion were more pronounced when another Ca antagonist was given together with glucose (Ohneda et al. 1981 ).
In our experiments, however, we used arginine infusion instead. This may be the reason why effects of these drugs on both pancreatic insulin and glucagon secretions were less marked.
Then, what is the mechanism by which Ca antagonists affect the secretion of insulin and glucagon ? The following views have been hitherto advanced concerning the relationship between calcium and the secretion of pancreatic glucagon (1) A decrease in calcium levels essentially stimulates the secretion of pancreatic glucagon. (2) On the other hand, however, the secretion of pancreatic glucagon is decreased by the permissive action of calcium ion at lower levels of calcium. (3) Under the condition with low calcium levels, the secretion of pancreatic glucagon is not inhibited by glucose but rather increased. Therefore, it is presumable that, when Ca antagonists are administered, the secretion of pancreatic glucagon is increased by the mechanism under (1), through the inhibition of calcium influx into the A cell.
It seems also likely that the secretion of pancreatic glucagon has been raised by the negative feed back, in which lowered secretion of insulin promotes the secretion of pancreatic glucagon, as mentioned by Samols et al. (1972) . However, the relationship between calcium and the secretion of pancreatic glucagon is so complex that the effects of Ca antagonists upon the A cells of the pancreas may differ with the experimental conditions.
